As the dairy industry continues to grow, more dairy calves are available for dairy, beef, and veal purposes. Rearing systems must be highly effi cient to make this industry cost effi cient, making the evaluation of rearing methods important to establish the most practical method. A study was designed and conducted to evaluate effects of housing and feeding systems on performance of neonatal Holstein bull calves. Treatments (2 × 2 factorial arrangement) consisted of: 1) individually housed, bottle-fed (n = 5 bull calves); 2) individually housed, bucket-fed (n = 5 bull calves); 3) group-housed, bottle-fed (n = 5 pens; 4 bull calves/ pen); and 4) group-housed, bucket-(trough) fed (n = 5 pens; 3 or 4 bull calves/pen). Feeding treatments began on d 7 when calves had been acclimated to their new environment. Body weight measurements were collected every 7 d and blood samples were collected on d 0, 28, 55, and 66 for β-hydroxybutyrate (BHBA) concentration as a gross indicator of ruminal development. No housing × feeding interactions or feeding treatment effects were observed (P > 0.10). Average DMI (dry feed plus milk replacer) was increased (P < 0.05) for group-housed vs. individual animals after d 41, and fi nal BW was greater (P < 0.05) for group-housed calves compared with individually housed calves. Feed effi ciency and ADG, however, remained similar (P > 0.10) for all treatments. Fecal scores (P > 0.26), CV for BW (P > 0.26), and BHBA concentrations (P > 0.14) showed no differences among treatments. Housing system had greater effect on calf performance compared with milk feeding regimen.
INTRODUCTION
For dairy calf raising facilities to remain profi table, the effi ciency of the rearing programs used must be optimized. Regardless of type of production for which the animal is intended (dairy, dairy beef, veal) , details, such as housing type, amount of liquid (e.g., milk or milk replacer) offered, and method of feeding liquids, can affect the production capability of the calf (Chua et al., 2002) .
Typical housing systems used to raise dairy calves include individual housing or group housing, with the industry traditionally promoting individual housing for the benefi ts it provides (Chua et al., 2002) . There are benefi ts of individual housing, including greater BW gains, less disease, and decreased incidence of cross sucking (Warnick et al., 1977; Chua et al. 2002) . Group housing has been viewed as a way to reduce labor and labor costs associated with calf rearing but has also been seen as a challenge in terms of calf management (O'Driscoll et al., 2006) . Cattle are social animals, and by housing calves in group systems, they are involved in early interactions that help them to develop their normal social behavior or the development of a social hierarchy (von Keyserlingk et al., 2004) . The development of the normal social behavior includes learning normal social responses needed later (Chua et al. 2002) , either during reintegration to the herd or in the feedlot. Coincidently, by the year 2017, all veal producers will have to transition from individual to group housing (Smith, 2010) .
To date, limited research has been published on the effects of housing systems (von Keyserlingk et al., 2004 ) and the potential interaction with feeding method on performance of dairy calves. We hypothesized that feeding method will have a greater infl uence on grouphoused animals than individually fed calves, and that less variation in performance will be noted in grouphoused animals that are bucket fed vs. bottle fed, as a result of competition. Our objective, therefore, was to examine the effects of an individual vs. group housing system and bottle vs. bucket (trough) feeding system on performance of Holstein bull calves.
MATERIALS AND METHODS
All procedures involving animal care and management were approved by the University of Arizona Institutional Animal Care and Use Committee (IACUC; no. 09-112).
Animals, Treatments, and Diets
Fifty Holstein bull calves (2 ± 1 d of age; average initial BW = 42.5 kg) were obtained from a single source on January 13, 2010. Calves had previously received approximately 4 L of colostrum and were vaccinated with TSV-2 (Pfi zer Animal Health; New York, NY). Animals were transported 131.1 km and picked up from the dairy at approximately 1200 h, after receiving their morning feeding of milk. Animals were individually identifi ed at the dairy.
Upon arrival at the research station, BW of calves was measured and recorded, and calves were placed in 2 (2.44 × 4.88 m) concrete pens. Body weights of the calves were entered into a Microsoft Excel spreadsheet, sorted from heaviest to lightest, and a random number was assigned to each calf. Calves were assigned randomly to a treatment, based upon a random number generator. Treatments were arranged in a 2 × 2 factorial. Treatments included housing (individual vs. group) and feeding method (bottle vs. trough). Thus, treatments were as follows: 1) individually housed, bottle-fed; 2) individually, housed bucket-fed; 3) group-housed, bottle-fed; and 4) group-housed, bucket-(trough) fed. Individual calves were placed in metal-framed housing (1 × 2 m), randomly allotted to pens adjacent to group or other individually housed calves. No contact to adjacent pens was allowed for individually housed calves. In the group-housed calves, 4 calves were allotted to each pen, initially. Calves were moved to experimental groups on day of arrival and housing treatments were immediately initiated. Feeding method treatments, bucket (trough) or bottle, were initiated on d 7. The experimental period began on d 1 and lasted for 66 d.
The experimental pens for group-housed calves measured 2.44 × 4.88 m (2.98 m/calf) and the individually fed calves were placed in a version of the traditional calf rearing crates measuring 1.22 m × 2.44 m (2.98 m/ calf). Group-housed and individual calf pens had concrete fl ooring covered with straw bedding. Metal individual pens were randomly placed in pens intermingled with group-housed calves. Pens were cleaned daily with new straw replenished as needed. Each housing unit provided adequate shade.
For group-bucket (trough) feeding, a 1.23-m (0.31 m/calf) trough was used. The individual bucket-(trough) fed calves were issued a standard plastic 5.7-L bucket (Model FB-114; Fortifl ex, San Juan, Puerto Rico). All of the teat-(bottle) fed treatments used a 2-L nursing bottle (Little Giant; Miller Manufacturing, Glencoe, MN) with rubber teat. When calves were offered milk replacer, it was ensured that all calves had equal access. For the group bucket-(trough) fed calves, the length of the trough allowed enough room for all calves (with minimal competition). The group teat-(bottle) fed calves were fed using the nursing bottles and individual bottle holders, ∼0.30 m apart.
Additionally, calves were initially monitored to ensure that they all received their portion of milk replacer to avoid dehydration and other health concerns. Daily visual observation of calves also occurred to ensure optimal health of calves. Two of the 50 calves in the trial were eliminated in the fi rst week of the treatments: 1 calf died and the other calf would not adapt to his assigned treatment. Both calves were from a group-bucket treatment (thus, 2 of the group bucket pens had 3 calves/pen).
During milk-feeding phase, calves were fed a commercial milk replacer (22:20 fat:protein; Lawley's All Star Milk Replacer, Turlock, CA; guaranteed analysis: CP: 22%; crude fat: 20%; crude fi ber: 15%; ash:5.6%; vitamin A: 33,000 IU/kg; vitamin D: 18,700 IU/kg; vitamin E: 330 IU/kg ), beginning at 0630 h and 1600 h daily for 49 d. All calves were offered 2 L of milk replacer twice a day. Milk replacer was mixed based on weight and at a concentration of 12% powder (as-fed). Milk consumption was recorded at each feeding (twice/day) and monitored. After each feeding, the bottles, buckets, trough, and other feeding equipment were washed and sanitized. All feeding equipment was fi rst washed with a soap and water mixture to remove excess grease from the milk replacer, and then this was followed by a bleach rinse (50 mg/kg). 
Measurements
Intake of milk replacer and calf starter was measured daily and helped to determine the health of each calf. The amount of feed offered and refused at each feeding was also recorded. Amounts of feed offered and refused were weighed using an individual scale (ES Series Model ES30P; Ohaus, Pine Brook, NJ). If calves consumed the total amount of feed offered for 3 consecutive d, feed was increased by 0.11 kg . calf -1. d -1 .
Body weights were obtained using an individual scale (Paul Livestock Scale, Duncan, OK), fi tted with an electronic indicator (IQ Plus 390DC). Certifi ed 22.7-kg weights were used (45.4 kg) to verify the scale before obtaining BW. Weights were obtained on d 0, 7, 14, 28, 35, 41, 48, 55 , and 66, after the 0600 h feeding.
Weekly ingredient samples, diet, and milk samples were collected and dried at 100°C. Dry matter was obtained from samples by drying in a forced air oven (100°C) for 18 h; ash was determined by burning the samples in a muffl e furnace (550°C) for 4 h; and NDF and ADF were determined using a fi ber analyzer (Ankom200 Fiber Analyzer; Ankom Technologies, Macedon, NY). Crude protein, NE m , and NE g were calculated using NRC (1996) values.
Health and fecal scores were determined daily for each calf on trial ( Table 2 ). Incidence of any illness was recorded daily for each animal. Documentation of death was done by recording animal number and date of death. Calves that showed signs of morbidity were treated immediately. Treatment regimen consisted of administering tulathromycin (Draxxin; Pfi zer Animal Health) at a rate of 1.1 mL/45.3 kg (2.5 mg/kg) at fi rst sign of morbidity. If no improvement was observed in calf health, calves received 1.5 mL/45.3 kg (6.6 mg/kg) of ceftiofur crystalline free acid (Excede; Pfi zer Animal Health). All treatments (day of treatment, type of treatment, amount or dosage per calf per treatment, cost of treatment) were recorded.
Jugular blood was collected (10 mL) on d 0, 28, 55, and 66 in vacuum tubes (Ref:366430; Lot:7096560; BD Vacutainer, Franklin Lakes, NJ) and serum separated by centrifugation (2,000 × g for 20 min). Serum sampling was conducted after the evening feeding. Serum was stored frozen until analysis.
Serum samples were analyzed for β-hydroxybutyrate (BHBA) concentrations. Commercial BHBA assay kits were used (Cat.# K632-100; BioVision, Mountain View, CA). Briefl y, the BHBA assay was conducted by following the procedure provided with the assay kit. First, the standard curve was prepared at concentrations of 0, 4, 8, 12, 16, and 30 μL. Then, the samples were prepared by taking 20 μL of each serum sample and bringing well volume up to 50 μL. Reagents were added to the wells 
Calculations and Statistical Analysis
Performance and blood data were analyzed as a 2 × 2 factorial design using the MIXED procedure (SAS Inst. Inc., Cary, NC) with the LSMEANS and PDIFF options. Pen (individual or group; n = 20) was considered the experimental unit (5 units/treatment), day (BW, BHBA) or week (DMI, ADG, G:F) as the repeated measurement, and pen as the subject. Day 0 BW was included as a covariate for analysis of data as initial BW differed (P < 0.01) between housing treatments. Statistics were best fi t with the compound symmetry covariance structure. Body weight CV was calculated in an Excel spreadsheet and data were analyzed using SAS and the same model described previously. Fecal scores also were analyzed as a 2 × 2 factorial design using the MIXED procedure in SAS. All the data are reported as least square means ± SEM and are considered signifi cantly different when P < 0.05.
RESULTS
Average ambient temperature for the trial ranged from 18.6 ± 3.77 o C during the daytime and 4.4 ± 2.90 o C during the evening. Acceptable average serum concentrations (>5.2 g/dL) as described by Tyler et al. (1996) for calves at d 0 are noted: 5.3 (single) and 5.6 (group) ± 0.185 g/dL, P > 0.10; 5.6 (bottle) and 5.4 (bucket) ± 0.185 g/dL, P > 0.10. No housing × feeding interactions were noted for all variables measured; therefore, only simple effects of each treatment are reported.
Performance
Including d 0 BW as a covariate normalized the data for a more accurate measurement of signifi cance among treatments. All performance variables remained similar (P > 0.10) between bottle-and bucket-fed calves (Table 3) .
Group-housed calves were 2.5 kg heavier than individually housed calves at the end of the trial. Grouphoused calves also were consuming more than individual calves in the fi nal 3 wk before the end of the trial. Individually housed calves had numerically lessADG during the same period. Cumulative performance data were similar among all treatments, except DMI, in which group-housed calves consumed more than individually housed calves.
The CV for BW (Table 4) was signifi cant for housing treatments on d 0 (P < 0.05). However, no differences were observed and BW CV was similar among housing and feeding treatments during the experiment.
Health and Fecal Scores
Average health scores were similar (P > 0.10; not reported) for all periods and treatments. There were 2 housing × feeding interactions in respect to fecal scores ( Table 5 ). The simple effect means were analyzed (group bucket 2.10 ± 0.23; group bottle 1.58 ± 0.23; single bucket 1.30 ± 0.23; and single bottle 1.64 ± 0.23) and it was determined that there was a trend between group bottle vs. group bucket (P > 0.11); however, there was a signifi cant difference between the group bucket calves vs. the single bucket calves (P < 0.02). The second housing × feeding interaction was on d 41 to 48 (P < 0.03). The simple effects means were group bottle 1.04 ± 0.05; group bucket 1.18 ± 0.05; single bottle 1.12 ± 0.05; and single bucket 1.04 ± 0.05. There was a signifi cant difference observed between group bucket and group bottle (P < 0.05). There also was a trend seen in the feeding treatment on d 55 to 66 (P < 0.06).
β-Hydroxybutyrate concentration blood samples were collected 4 times over the course of the trial (d 0, 28, 55, and 66). The d 0 samples were pooled by treatment and very minimal concentrations of BHBA were detected. There were no overall housing × feeding interactions (P > 0.10). Concentrations of BHBA were similar on sample days for both housing and feeding methods used in this experiment (Table 6 ).
DISCUSSION
Calves that were group fed were weaned at heavier BW than individually housed calves. Likewise, Richard et al. (1988) found that group-housed calves had heavier fi nal BW. They attributed this difference to increased gut fi ll (due to increased consumption of milk). Chua et al. (2002) also concluded that pair-housed calves remained healthier and gained BW quickly before and after weaning. Although these authors found that group-housed calves gained quickly, they reported that there were no differences in BW gains, except after weaning, whereby individual calves gained less BW and pair-housed continued at preweaning amounts (Chua et al., 2002) . In the current project, ADG was similar for the housing treatment and feeding treatment, and it steadily increased as the trial continued. Anderson et al. (1987) also found that ADG of the calves increased with age and suggested that this was associated with increased consumption. However, Richard et al. (1988) showed that the individually housed calves had a slightly greater ADG in comparison with group-housed calves. These authors suggested that the differences could be attributed to the competitive environment that was created in a group-housed system. Additionally, we observed that intake was greater for group-housed calves compared with individually housed calves; the difference became signifi cant dur- (2004) suggested that when calves are put in a competitive environment, it actually reduces their intake. This also was supported by Kung et al. (1997) , who found that calves raised in hutches consumed more starter than grouphoused calves and suggested that this was due to the group-housed calves having less accessibility to the grain. Further, it was observed that all calves in the trial had an increase in feed intake from d 55 to d 66. The elimination of milk can be attributed to these fi ndings. Jensen and Budde (2006) found the difference between the minimum and maximum milk intake was larger in group housing vs. pair housing.
There were few to no signifi cant differences between the 2 housing treatments for BW gain effi ciency. In terms of the feeding treatments, data proved to be very similar for both bottle-fed and bucket-fed calves. This observation is contrary to what Kopp et al. (1986) reported in terms of behavior. They found that calves that were fed out of a bucket spent more time with the desire to graze and eat, whereas bottle fed calves spent more time sucking on the empty teat (Kopp et al., 1986) .
Variation in BW that was observed in the grouphoused calves was very large at the beginning and reduced as the trial continued. This could suggest that calves adapt to the housing system and variation is much like the individually housed calves after they have adapted. Similarly, von Keyserlingk et al. (2004) found that group housing causes crowding, which can lead to a Calves were fed individually (n = 10 calves) or in groups (n = 10 pens of 3 or 4 calves).
2 Milk replacer was fed with a 2-L bottle or in buckets (troughs), during the 55-d milk feeding period. Milk replacer feeding methods were started on d 7 after arrival.
3 Observed signifi cance for H = housing; F = feeding; H × F = housing × feeding interaction. (2006) conducted an experiment focused on the effects of mixing individually housed calves into a grouprearing system and found that when calves are mixed initially, intake is reduced by 50%; thereafter, signifi cant increases in subsequent feedings occur to compensate. Housing method had no effect on calf health or fecal consistency. However, during the milk-feeding phase, there was no effect by feeding method but during the postweaning phase, calves that were fed by bottle showed a greater fecal score. This could be a result of the increased intake of solid feed by the calf replacing the consumption of milk. Beharka et al. (1998) found calves that consume ground corn diet have an increased rate of passage, which can result in an increase in fecal scores. Additionally, Wise and LaMaster (1968) found calves fed with an open pail system vs. a nipple pail system had a greater incidence and longer duration of scouring. Chua et al. (2002) , in a trial using 30 calves, observed that there was little to no sign of disease (scouring) and there was no difference between individual housing and pair housing. Rather, these authors associated health issues more with sanitation of the facility and its maintenance. However, Warnick et al. (1977) , in a study using 36 calves, found individually housed calves were freer of disease when compared with isolated rearing and group rearing. They suggested this could be a result of many factors, but the main factor was environment. In addition to the these fi ndings, Kung et al. (1997) found group-housed calves had a greater incidence of disease and the authors suggested that this was due to managing and monitoring of calves, rather than the spread of disease itself.
In this experiment, we evaluated BHBA as a gross indicator of ruminal development. This metabolite was chosen because it is easily detected in the blood and is not metabolized as quickly as VFA. Day 0 BHBA concentrations were consistent with other literature (Knowles et al., 2000) . Overall, we found no signifi cant difference in the concentration of BHBA among housing and feeding systems. Components of the diet play an important role in the development of the digestive system, as well as the overall nutritional and health status of the calf. Ruminal development in the neonatal ruminant is dependent on the stimulation of the rumen that the animal is provided, which includes the ingredients of the diet, texture of the diet, and time diet is offered. Quigley et al. (1985) found when calves were offered a solid feed source from the fi rst week of life, VFA concentrations are reached at ∼8 wk of age. However, Kristensen et al. (2007) found that by wk 2 of life, calves have the same VFA concentrations of a lactating dairy cow. Furthermore, when calves are weaned earlier (4 wk vs. 8 or 12 wk), they have mature rumen function sooner, as a result of a signifi cant increase in intake of solid feed (Quigley et al., 1985) . Also, the concentrations of butyrate were greater in these calves (Anderson et al., 1987) . Beharka et al. (1998) found that ruminal pH is infl uenced by the physical form of the diet and calves that are fed a ground diet with little forage tended to have a lower ruminal pH when compared with calves that were fed a pelleted feed with a forage source. Additionally, calves that were fed a ground diet had greater concentrations of VFA, which the authors attribute to several factors (Beharka et al. 1998) . Beharka et al. (1998) suggested that calves fed the pelleted diet had decreased concentrations of VFA because they had more mature ruminal epithelium, which allowed for greater absorption of VFA.
In this study, concentrations of BHBA peaked before weaning and then decreased during the weaning period. Initially, it was thought that consumption had decreased and, in turn, that is why concentrations decreased. However, increased DMI of the calves during the weaning period compared with the week before weaning suggests DMI cannot explain the decrease in BHBA. Lesmeister and Heinrichs (2004) looked at types of corn processing and their effects on ruminal development. They found, when looking at plasma BHBA, that butyrate is converted into many forms. Therefore, they suggested that the decreased plasma BHBA concentrations were due to an increase in rumen epithelial butyrate metabolism (Lesmeister and Heinrichs, 2004 ). This could be a possible explanation for the decreased concentrations that resulted in this experiment. It was hypothesized that calves that were bucket or trough fed would have less variation in intake and consequently less variation in BW. Results indicate that, in fact, calves perform equally, whether fed in a group or individually. In addition, it was observed that feeding method has no statistically signifi cant infl uence on calf performance or health. The results of this experiment demonstrate that type of feeding system selected by an industry operation must be selected on the resources available, as well as on the goals of the operation.
This research implies that group-housed calves have increased weaning weights compared with individually housed calves due to increased DMI during the preweaning period. Further research would enhance comprehensive understanding in this area. A future study may include investigating the amount of milk fed with the types of housing systems available and their effects on health and performance of calves.
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